This study was conducted to determine changes in overall costs associated with conversion to powderfree glovesincluding cost of workers' compensation cases for natural rubber latex (NRL)-related symptoms and health care workers' glove satisfaction. The study, a 2-year, longitudinal design with retrospective and prospective aspects, was developed to determine health care worker use of powder-free, low-protein NRL gloves, sensitization, cost, and glove satisfaction. Informed consent was obtained from 103 health care workers. Prior to glove conversion, nearly one-half (44%,36 of 82) of the operating room staff reported symptoms related to NRL exposure. At the end of the 14-month data collection period, only 27% (22 of 82, McNemar test = .007) reported symptoms related to NRL exposure. Additionally, a cost savings of $10,000 per year for gloves was evident with reports of increased user satisfaction. This study demonstrated that conversion to the use of powder-free, low-protein NRL
LE tex allergy continues to be an occupational health problem for health care workers, causing symptoms ging from skin reactions to anaphylaxis. The estimated costs associated with allergy to latex and powdered latex gloves is millions of dollars (Cameron, 1997; Edlich, Wind, Heather, & Thacker, 2003; Edlich, Woodard, Hill, & Heather, 2003; Fay, 1996) . The prevalence of natural rubber latex (NRL) allergy is reported to be 3% to 22% among all health careworkers (Charous, Tarlo, Charous, & Kelly, 2002; Hamilton, 2(02) . Operating room (OR) personnel appear to be moreadversely affected, withreported prevalence ratesof 5% to 10% (Zeiss et al., 2(03) .The increased useof NRLhas been noted to coincide with the Centers for Disease Control and Prevention recommendations for universal precautions (CDC, 1988) and OSHA guidelines (Jones, 1993) related to health care workers' protection. The National Institute of Occupational SafetyandHealth (1997) hasrecommended health carefacilities convert to low-protein, low-powder or powderfree latex gloves because thepowder in latexgloves canact as a vector for latex allergen, leading to increased sensitization and symptoms (Jackson et al., 2000; Sussman, Beezhold, & Kurup, 2(02) .
The use of powdered surgical gloves by health care workers has also been identified as a potential contributor to surgical wound infections. Several investigators (Jackson et al., 2000; Jaffray & Nade, 1983; Warshaw, 2003) have documented the developmentof an inflammatory response associated with powder from latex gloves during wound healing. Glove starch powder can potentiate the development of wound infections by encouraging bacterial growth (Hunt, Slavin, & Goodson, 1994; Kang, Griffin, & Ellis, 1992; Luijendijk et al., 1996; Odum, O'Keefe, Lara, Rodeheaver, & Edlich, 1998) and can promote abdominal adhesions in clients by acting as a reactive foreign body in tissue. These negative effects can result in longer client hospital stays, increased costs associated with chronic surgical wounds, and secondary surgical complications, such as intestinal obstruction, infertility, or pelvic pain (Kang et aI., 1992; Luijendijk et aI., 1996; Ray, Larsen, Stillman, & Jacobs, 1993) .
Despite the occupational exposure issues and potential surgical complications associated with the use of powdered gloves, some institutions have been reluctant to switch to low-powder or powder-free latex gloves because of 'concerns related to increased cost and health care workers' satisfaction. As of 2000, only 70 of 3,000 hospitals surveyed in the United States had switched to powder-free surgical gloves (Jackson et aI., 2000) . Furthermore, few studies (Hermesch, Spackman, Dodge, & Salazar, 1999; Phillips, Goodrich, & Sullivan, 1999) have been conducted to investigate the cost of institutional glove conversion from powdered to powder-free gloves, and even fewer to specifically investigate the costs associated with surgical glove use (Spicer & Richardson, 1998) .
This study focused on three major aspects of converting a university hospital OR to powder-free, low-protein latex gloves: • Determine changes in overall costs associated with conversion to powder-free glove use, including cost of workers' compensation cases.
• Determine if NRL-related symptoms and sensitization decreased during the same time period after powdered latex gloves were removed.
What Does This Mean for Workplace Application?
Issues associated with latex allergy inthe workplace continue to be important The most cost effective way to address the problem inthe operating room isto provide powder-free surgical latex gloves to employees. The cost ofworkers' compensation cases 'far outweighs the costs associated with switching to powder-free surgical gloves. Further, the operating room work environment may be enhanced through a powder-free environment. Continuous surveillance and prevention of latex allergy among health care workers remains the best policy.
• Determine if health care workers had continued satisfaction with gloves when the facility converted to powder-free gloves during a 2-year period.
METHODS
All health care workers of the university medical center's ORs, including nurses, surgeons, anesthesiologists, and surgical technicians, were invited to participate in the study approved by the medical center's Institutional Review Board. Informed consent was obtained from 103 employees who agreed to participate. Individuals had to be at least 18 years old and fluent in English to be eligible for the study.
Study Design
The study used a 2-year, longitudinal design with retrospective and prospective components as shown in Table   Table 1 Study Design 1. Employees were asked to recall their NRL exposurerelated symptoms during the 6 months prior to conversion of the OR to a powder-free environment versus current symptoms associated with NRL exposure. The prospective component of the study included a survey questionnaire administered four times during a 14-month data collection period. Survey data were collected and NRL-specific Immunoglobin E (IgE) radioallergosorbent test (RAST) serology was performed with participants who consented.
Data Collection
Cost and type of gloves used in the hospital during the 2 years prior and 2 years after the conversion to powder-free gloves were provided by the university hospital's cost center. Other hidden cost data related to storage and personnel hours required to manage the various glove types during the time period were estimated. Workers' compensation claims data related to NRL were obtained from the medical center's Risk Management team. Data were available prior to 1997 when powdered gloves were readily used in the hospital and the hospital began a latexscreening program to identify high-risk employees. All glove cost data were estimated because most of the data obtained was aggregated under "glove pricing" versus by single "glove products or brand."
Health care workers completed self-administered questionnaires four times during the study. Health care workers were asked to recall symptoms related to NRL exposure 6 months prior to conversion to powder-free surgical gloves (noted as Time Zero or TO). Additional data were obtained about current NRL symptoms associated with work and non-work environments (Tl), Followup questionnaires were administered three times during a 14-month data collection period (T2, T3, and T4).
The survey questionnaires covered three main areas: • Demographic characteristics. • Glove user satisfaction.
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• NRL-related symptoms and other workplace-related symptoms, reassignment, or prior treatment for allergy symptoms.
At each data collection point (TO to T4) health care workers were asked to complete a Glove User Satisfaction form. This form provided information about each participant's evaluation of the quality, safety, serviceability, standardization, perception of needle stick injury risk, and durability of gloves (powder-free versus powdered). All responses were anonymous and computer coded. Additional comments were routinely solicited about the use of the study glove from all participants. All survey items were scored using a Likert scale ranging from 1 to 3. A higher score indicated increased satisfaction.
In addition, specific IgE to NRL by RAST (Pharmacia CAP, Pharmacia-Upjohn Diagnostics, Kalamazoo, MI) performed by Quest Labs (Baltimore, MD) were obtained at Tl and T4 from consenting participants.
Statistical Analysis
Descriptive statistics were used to represent all demographic and glove cost data. Nonparametric tests were used because the data were not normally distributed and had dichotomous outcome. McNemar's test (two-tailed) was used to determine changes in NRL exposure symptoms and NRL reaction to latex and food between TOand T4. Paired t test was performed to assess the mean difference in glove user satisfaction scores of powder-free NRL at Tl and T4. All analyses set the .05 level of significance. Non-response bias was assessed using a r-test and chisquare test.
RESULTS
Between March 2002 and April 2003, a total of 103 health care workers participated in the study. Data were reported during a 27-month period that included 6 months before and 21 months after the institution's conversion to powder-free surgical gloves. Eighty-two of the 103 initial participants completed the entire study. The demographic characteristics of the 82 health care workers are shown in Table 2 . Sixty participants consented to serology and 46 completed both a baseline (Tl) and a 14-month follow-up (T4) serology test for NRL sensitivity. The response rate for the 14-month follow up was 80% and the mean participant study duration was 8 months (range 7 to 14 months). When comparing health care workers who dropped-out of the study and those who completed the entire study, there were no statistically significant differences in demographic characteristics, years in health care or in the OR, atopic history, or history of NRL-related symptoms.
Costs
Workers' compensation costs related to latex allergy for OR employees did not change during the study period. As of 1997, there were six severely affected employees identified through workers' compensation claims. One employee working in the OR had to change positions in the hospital because of persistent symptoms in the OR setting, despite personal avoidance of latex products. The average time needed for these workers to return to the workplace was 50 days. The total cost was $38,900 and the average cost of these claims ranged from $5250 to $10,000.
After conversion of the OR to powder-free surgical gloves, only one additional OR employee reported workrelated symptoms, primarily because of personal use of latex gloves. No workers' compensation costs were incurred related to her case. She was able to continue to work in the OR after personally converting to powderfree synthetic glove use. In addition, the employee who left the OR in 1997 was able to return to her position in the OR in 2001 after the conversion to powder-free surgical latex gloves.
It was difficult to obtain specific glove cost data pre-and post-glove conversion. However, by reducing purchasing from 28 types of gloves in 2001 to 15 types of gloves by 2002, there were demonstrated cost savings of $10,070 associated with decreased personnel hours required for glove storage and handling. Although comparison of these data may be the same for any product change, the researchers were able to track the cost associated with switching from powdered to non-powdered surgical gloves. Therefore, minimum cost savings after conversion may be estimated to be at least $10,000, not including savings associated with lost personnel hours or workers' compensation cases.
NRL Symptoms
There was no significant difference when data were compared for all NRL-related symptoms or NRL foodrelated symptoms between groups at each time period (TI, T2, T3, and T4). For this reason, comparisons are reported at TO (recall prior to conversion), at baseline (TI), and at the final survey time (T4). Nearly two-thirds (64%) SEPTEMBER 2005, VOL. 53, NO.9 of the participants had worked in health care more than 6 years and 52% (n =43) reported a history of atopy. Of those, 44% (n =36) reported hay fever or nasal allergies, and 26% (n =21) had a history of contact dermatitis.
In addition, a comparison of health care worker-reported NRL-related symptoms before and after conversion to powder-free glove is shown in the Figure. A significant decrease occurred in overall NRL-related symptoms after conversion to powder-free gloves (McNemar test, p =.007). Prior to glove conversion (TO), nearly half (44%, n =36) of the OR staff reported symptoms related to NRL exposure. By T4, only 27% (n =22) reported NRL-related symptoms. There was no significant change in NRL-related symptoms between Tl and T4, indicating that most health care workers reported fewer symptoms after glove conversion (Tl). However, when comparing individual NRL-related symptoms, small increases that were well below the pre-conversion TOlevels were noted in atopic skin symptoms such as systemic hives, rash or itching, redness, swelling, chapping, or cracking of hand skin between Tl and T4 (McNemar test, p =.04). However, the more significant upper respiratory symptoms, such as throat or mouth itching, runny nose, congestion, itchy eyes, or tearing decreased from Tl to T4 (McNemar test, p =.04).
No statistically significant differences were found for severe or lower respiratory symptoms (e.g., difficulty breathing, wheezing, coughing) between Tl and T4. The researchers noted a 4% increase in the number of health care workers who sought health care for NRL-related symptoms from Tl to T4. This may have occurred because health care workers paid more attention to their symptoms as a result of the study and reported more symptoms.
Ninety-six percent (n =44) ofthe participants' latexspecific IgE did not change during the time period. One participant had a decrease in latex specific IgE, one participant had an increase in latex specific IgE, and none of the participants seroconverted to a positive latex specific IgE during the study period.
User Satisfaction
Health care workers reported continued satisfaction with powder-free gloves at all study time periods (higher score indicated more satisfaction). No statistically significant differences in user satisfaction mean scores for quality, comfort, safety, performance, standardization, needlestick injury, and durability between Tl and T4 for powder-free NRL gloves were reported by health care workers.
DISCUSSION
Health care workers use more than 21 billion gloves annually in the United States (Logan, 2002) . The shortterm costs associated with non-NRL (synthetic), powderfree, surgical gloves are higher because they are priced $.50 to $1 per pair more than powder-free latex surgical gloves (Logan, 2002) . However, taking preventive measures is relatively less expensive when considering the long-term cost of health care, insurance, disability, and workers' compensation claims (Barrett, 2001; Bonauto, Foley, Baggs, & Kaufman, 2001; Cohen & Kaufman, 2000; Galiher & DeRobertis, 1999) .
Most studies that have addressed cost issues associated with glove conversion (Horwitz & Kammeyer-Mueller, 2002; Horwitz, Kammeyer-Mueller, & Me-Call, 2001; Phillips et aI., 1999) have focused on data from workers' compensation claims to estimate the net costs associated with NRL allergy from the number of health care claims, loss of employment, and potential disability of the affected health care workers (Horwitz & Kammeyer-Mueller, 2002) . Estimated costs associated with health care workers who have filed NRL latexsensitivity claims caused by employee lost work time range from $21,402 to $109,158, and reported health care costs are between $241 and $439 per person, depending on the severity of the NRL-associated symptoms (Horwitz et aI., 2001; Phillips et aI., 1999; TYler, 2002) . Costs associated with latex sensitivity could be calculated based on the number of health care workers using latex gloves and the number of workers who may be potentially sensitized within a health care institution. Although workers' compensation data have been reported, until now, little data existed related to the cost of conversion to powder-free NRL gloves and its effect on workers' compensation claims.
Although the direct cost of gloves increased during the duration of the study, the hidden costs associated with personnel hours, vendor purchasing time, and storage decreased. For instance, centralized purchasing within the institution is essential for successful glove conversion. Centralized purchasing not only increases compliance with conversion by preventing individuals from ordering powdered gloves from outside vendors, it also gives the institution greater capacity to establish bulk discounts.
These factors demonstrate that an overall glove conversion to powder-free surgical gloves may save money or at least remain cost neutral. Because most of the current literature (Charous, 1998; Charous et aI., 2002) has not considered the "other costs" associated with a successful glove conversion, this study attempted to factor in those costs and determine the direct and indirect effects of a powder-free, latex-safe hospital environment.
Other latex-related costs are those resulting from NRL sensitization and the role NRL plays in surgical wounds healing. The primary prevention factor associated with conversion to a powder-free environment is health care workers' safety resulting from decreased latex sensitization. Prior to institutional conversion to powder-free gloves, a mandatory NRL screening program was implemented for all incoming employees, including RAST and an NRL-related symptom questionnaire at an annual cost of approximately $70,000 (Bollinger et aI., 2002) . The goal of the screening program was to identify NRL-sensitized health care workers so they could be placed in appropriate work environments. Now that the institution is powder-free, employees are screened with the NRL-related symptom questionnaire and the option for RAST for an average savings of $300 per new employee, decreasing the cost to less than $5,000 per year (University of Maryland Medical Systems, 2002) . Therefore, hospital administrators should encourage use of powder-free gloves and promote primary prevention.
These study findings are consistent with others (Allmers, Schmengler, & Skudlik, 2002) who found fewer health care workers reporting latex-related symptoms with a subsequent decrease in latex-related workers' compensation claims when powdered gloves are removed from the immediate work environment. The largest reported decrease in latex-related symptoms occurred at TI, or approximately 6 months after conversion of the OR to powder-free NRL gloves. Therefore, the result of conversion to powder-free NRL gloves was an almost immediate effect that was sustained throughout the 2-year study. Researchers did have one employee who experienced an increase in IgE RAST during the study period. This is not inconsistent with existing literature that has shown health care workers who are continuously exposed to latex have a tendency to seroconvert over time (Hamilton, Peterson, & Ownby, 2002) .
Even with some individual resistance to powder-free glove conversion, as a group, employees expressed satisfaction with glove quality, comfort, safety, performance, standardization, needlestick risk, and durability. This was, in part, because of the use of glove selection groups, extensive meetings with various surgical groups, and intensive education about the gloves by the glove supplier.
Limitations of this study include the use of self-reported data and small sample size. In addition, participants may err on either side of reporting latex-related symptoms. Some may under-report for fear of losing their jobs. Of note, some employees did express their' unwillingness to participate in the study because of this fear. Other participants may over-report symptoms because of increased awareness of latex allergy during the study period.
RECOMMENDATIONS
This study demonstrates that converting to powderfree, low-protein latex surgical glove use in an operating room is safe, feasible, and cost-effective. This conversion resulted in decreased NRL-related symptoms in OR employees. Any increase in glove costs was offset by savings in health care costs, new employee screening, store room handling costs, prevention of workers' compensation claims, and employees' satisfaction with glove choices. Employee adherence to the conversion was encouraged through the elimination of outside vendors and centralized glove ordering. Maintaining the powder-free glove environment requires product surveillance to prevent powdered gloves from being reintroduced in prepackaged products such as suction or surgical kits and trays.
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